Introduction
The neutrino flavor eigenstates are linear combination of the mass eigenstates with the unitary matrix, Pontecorvo-Maki-Nakagawa-Sakata (PMNS) matrix. In the PMNS matrix, the three mixing angles (θ 12 , θ 23 , θ 13 ) can be measured experimentally. The Daya Bay collaboration has published the first non-zero θ 13 results with a significance of 5.2 standard deviations in 2012 [1, 2] .
The survival probability for electron antineutrino in vacuum with an energy E at a distance L is given by P ee = 1−cos 4 
, and ∆m 2 ji is the squared-mass difference between the mass eigenstates.
By measuring P ee from the reactor antineutrinos, the mixing angle θ 13 and the oscillation function, defined as sin 2 ∆ ee ≡ cos 2 θ 12 sin 2 ∆ 31 + sin 2 θ 12 sin 2 ∆ 32 , can be determined.
In this talk, we shall present a precision measurement of sin 2 2θ 13 and the first measurement of |∆m 2 ee | with 217 days of data at Daya Bay.
Experimental Setup
The Daya Bay experimental site is located at the southern part of China near the Shenzhen city. The Daya Bay nuclear power complex consists of six reactor cores providing a total of up to 17.4 GW thermal power. There are three underground experimental halls (EHs), two near halls and one far hall. For near halls, each hall contains two detectors for determining the reactor neutrino flux; for far site, there are four detectors for measuring the neutrino oscillations. The baselines had been optimized.
The antineutrino detectors (ADs) are functionally-identical. Each one consists of three zones. Figure 1 
Analysis

Event Selection
First of all, the instrumental background from the spontaneous light emission by PMTs ( "flasher" ) is removed from the data. We then remove the muon background. The IBD candidates are selected by the prompt-delayed coincident signals. The prompt signals are between 0.7 MeV and 12 MeV and the delayed signals are between 6 MeV and 12 MeV, while the time separation of two signals is between 1 µs and 200 µs. Finally, we apply the multiplicity cut to remove the ambiguities in the IBD pair selection. One of the multiplicity cut used in our analysis requires no additional prompt-like signals 400 µs before the delayed event, and no delayed-like signals 200 µs after the delayed event. The other produces consistent result.
Backgrounds
We consider five sources of background. In the antineutrino sample, the accidental background is the largest one. The rate and the spectrum of the accidental background have been determined by measuring the singles rates of prompt-and delayedlike signals. It gives 0.3% relative uncertainty. The other four are all significantly smaller, but they are correlated backgrounds. The fast neutron and β-n decay of the cosmogenic 9 Li/ 8 He provides the prompt-and delayed-like signals. Besides, the gamma emission from the neutron capture also affects the IBD detections, which can come from the calibration source 241 Am − 13 C and the 13 C(α, n) 16 O background.
Energy Response
The energy response is non-linear between the particle true energy and the reconstructed energy. This non-linearity relation, f , is caused by both scintillator and electronics effects; the former is related to the quenching effect and Cherenkov light emission, the latter is related to the charge collection of the front-end electronics. The energy response model is defined as f = f scint × f elec . For electrons, the empirical model of scintillator nonlinearity is described by
. The response models of gamma and positrons are connected to the electron model through the MonteCarlo method. The electron non-linearity model is an empirical exponential function. There exist different energy response models based on different methodologies. The details are given in [4] .
The gamma sources and 12 B spectrum are used to constrain the non-linearity parameters. Finally, positron energy response models obtained from different methods are consistent with each other to ∼ 1.5%. ee | at the 68.3%, 95.5% and 99.7% confidence levels. Right: The survival probability of the electron antineutrino as a function L ef f /E ν , with the best estimate of the detector response. Here L ef f is the effective detector-reactor distance, and E ν is the neutrino energy inferred from the background-subtracted positron energy spectrum.
Conclusion
The best-fit results for the electron antineutrino oscillation frequency and the value of sin 2 2θ 13 are |∆m . The total uncertainty is dominated by the statistics. For sin 2 2θ 13 , the most significant contributions to the systematic uncertainty are from the reactor, relative detector efficiency and the energy scale. The systematic uncertainty of |∆m 2 ee | is dominated by the relative energy scale and efficiency. The above results will be improved with the higher statistics and the eight-detector measurement. The measurement of the absolute reactor neutrino flux and other studies taking advantage of Daya Bay detector capabilities will be performed as well.
